With the combined application of an electric field and shear field, the particles in an ER fluids form cluster structure in the direction of shear. The morphology of the cluster structure was described, and it is found in the experiments that the mean cluster size, Smean, is proportional toγ −0.26 and E 0.64 .
Introduction
ER fluids form chain structure cross the electrodes under quiescent condition. 1 However, it was reported in recent years that lamellar structure 2,3 appears when both shear field and electric field are applied. The fibroid cluster structure that is along flow direction forms at low volume fraction (1%) under both shear and electric fields, and it is important to the study of the lamellar structure of ER fluids. The study of the mean cluster sizes of the fibroid structure under different electric and shear fields would illustrate the nature of particle aggregation.
Results and Discussions
The ER fluid used in this study is made of sulphonated polystyrene particles in silicone oil. The particle diameter ranges from 75 to 90 µm. The kinetic viscosity of the silicone oil is 50cSt. The main experimental apparatus is a double cylinder electro-rheometer whose outer glass tube is coated with a conducting film on its inner surface, and the inner cylindrical copper rotor is grounded. The gap between the two cylindrical electrodes is 1mm. The side view of the particle structure formation of the fluid can be observed with a CCD camera though the transparent electrode, and the images can be recorded with a computer. Fig. 1 . The probability of cluster size in particle number for the ER fluid of 1% of particle volume fraction under E =800V/mm,γ=1.1s −1 .
The fibroid clusters
The particles of the ER fluid were randomly dispersed at first. The sample fluid was sheared at a constant shear rate from 1.1 to 9.9 s −1 at an interval of 2.2 s −1 , and the external electric field was then switched on with the values from 600 to 1000V/mm at an interval of 100V/mm. When the electric field is applied, the first fibroid cluster forms after a delay of 1-3 seconds. The first cluster is only two or three particle long. It can be seen in Fig. 1 that there are a lot of short fibroid clusters. Then the longer clusters forms. When the particle volume fraction is above certain critical value, these fibroid clusters tend to form rings around rotor, and a lamellar-like structure forms. There are obvious different configurations among different volume fractions. From the whole pattern of particle aggregation, one can see that there are some short discontinuous fibroid structure when particle volume fraction, φ, is low (1% in this case), however, when the particle volume fraction is above certain critical value (2% in this case), one can see many continuous rings around the rotor, and the horizontal rings are periodicly distributed along the cyliunder. The direction of the clusters shows two situations. One is along the shear direction, and the other is more complicated: some of clusters have their one end adhering to the electrode with their other end capturing other particles, or adhering another electrode. In the latter case, the arc-like long clusters percolate the gap between the two electrodes. In the horisontal sheet where rings, arc-like long clusters or fibrous clusters are tangling together, and the clusters are torn and reformed.
The relation between shear rate and electric field
The response of structure formation of the fluid to the shear rate and electric field was investigated in terms of mean cluster size S mean , 6,7 which is defined as where N s is the number of clusters with size s, and the summation are taken over the cluster sizes throughout the time. Fig. 2 shows that the mean cluster size increases with increasing electric field at the same shear rate. Under the same electric field, the mean cluster size decreases with increasing shear rate. It would be more interesting to compare our work with the theoretical calculation. The maximum length S max of a stable cluster formed in a steady shear is proportional to the inverse of square root of the shear rate, or S max ∝γ −1/2 . 8,9 Although this result was deduced from a simple model of single chain, it can be safely used to determine the average size of the clusters in concentrated ER systems even if thicker chains of clusters may be formed. Under the shear, Wang suggested that
whereγ is the shear rate, and d, the dimension of the system under investigation.
The index x equals -1/5 or -1/8 for the two-or three-dimensional system. A power law of S mean ∝γ b was used to fit the experimental data, and it is found that b=-0.26±0.01. It shows that index a is between -1/2 for simple model of single chain and -1/5. The views observed were nearly two dimensional due to a short field depth of the CCD camera, so our results is close to -1/5.
The experimental analysis shows S mean is proportional to E d with d =0.64 ±0.03. Combined above results, S mean =Aγ −0.26 E 0.64 , where coefficiant A is related to the volume fraction, current flowing through the fluid and some other factors. See and Doi 10 performed a two-dimensional simulation and found that the mean cluster size varied S mean ∝ φ 3/(D+3) t D/(D+3) when there was no shear field but only electric field with D being dimention of the system. A simulation work under going would provide a time dependece of the mean cluster size when both electric and shear fields are applied, and then it can be compared with above simulation result without shearing.
